The substitution of foreign metals for iron in goethite
Introduction
Hydrous oxides such as those of aluminum, silicon, manganese, and iron can sorb metal ions in aqueous media. Among the hydrous oxides, a-Fe00H (goethite), is a good sorbent mineral existing in the natural environment. This property has been recognized and intensively studied, and the adsorption of metal ions onto the surface of goethite particles can be interpreted as a chemical reaction occurring at specific surface sites. These adsorption reactions at their equilibria can be thermodynamically well explained and summarized in a treatise dealing with hydrous ferric oxide (HFO) by Dzombak and Morel.
[1] The hydroxyl groups on the goethite surface can uptake and release protons, resulting in a generation of surface charge due to proton transfer reactions. For goethite-particle suspensions with metal solutions, proton is the predominant surface-potential determining ion. Metal-ion adsorption on the goethite surface is therefore influenced by the solution pH. The adsorption of heavy-metal ions generally shows S-shaped adsorption curves; with increasing the solution pH, the adsorption onto the goethite surface increased from zero to almost 100% over a narrow pH range, approximately 2 pH units, as found for heavy metals such as Cu, Pb, Ni, Co, and Mn.
[2] The adsorption of these metal ions as a function of pH differs each other.
The adsorption process used especially in the waste water treatment requires good adsorbents, which enable a selective removal of heavy-metal ions exceeding the level of their permissible concentrations in aquatic environments. Although colloidal HFO and goethite particles are capable of sorbing heavy-metal ions, coexistence of exchangeable cations and anions in the solution interferes the selective removal of heavy-metal ions.
Both natural and synthetic goethites can incorporate foreign metals into their structures or precipitate metal (hydro)oxides on the goethite-particle surface. The most well-known example found in the nature is the Al substitution for Fe in the goethite structure up to about 33 mol%.
[3] The incorporation of these foreign metals influences not only the crystallization conditions of goethite particles but also other physicochemical properties. However, 3 Results and Discussion X-ray diffraction analysis for the prepared metal-substituted goethite (Mn-, La-, Al-, Cu-, Zn-, Ni-, Co-, and Y-substituted goethites) particles revealed that the goethite lattice can incorporate these metal ions, whose amount is limited depending on the metal ions, and forms a solid solution. An incorporation of cobalt, nickel, copper, zinc, cadmium, and lead was confirmed for synthetic goethite, and the isomorphous substitution results in a distortion of the octahedral unit of the goethite structure.
[4] Synthetic Mn-substituted goethite was also reported, and the possibility of the unit cell distortion in the goethite phase was discussed based on the refined lattice parameters for Mn-substituted goethite, whose solid solubility limit was approximately 14 mol% Mn.
[5]
Among the metal-substituted goethite La-substituted goethite particles exhibited the highest adsorptive ability, however, a significant amount of La was leached into the solution. In contrast, other foreign metal ions incorporated into the goethite were not detected in the solutions after the adsorption experiment. The apparent Vol.14 Supplement (2003) amount of adsorbed PbII for Mn-substituted goethite showed the highest value among these goethite particles 
